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A novel metal/semiconductor hybrid nanostructure with enhanced catalytic functions has been prepared by a simple
self-assembly approach. This new bifunctional nanocatalyst consists of evenly dispersed Au/Pt hybrid nanoparticles
(Au/Pt NPs) assembled on NH2 group functionalized anatase TiO2 colloid spheres with nanoporous surface (f-TiO2).
The resulting bimetallic nanoparticles/TiO2 (noted as f-TiO2-Au/Pt NPs) hybrid nanostructure is characterized by
variousmethods and expected as a promising catalyst in electrochemical and photoelectrochemical applications because
of its satisfactory or even enhanced catalytic properties from both TiO2 and Au/Pt NPs. Compared with the f-TiO2, the
electrochemical results indicate that the as-prepared f-TiO2-Au/Pt NPs exhibited more prominent electrocatalytic
reduction toward hydrogen peroxide at low potential, which was then used as a sensitive sensor with a detection limit of
75 nM. Most importantly, the present hybrid material has the better photocatalytic property, as demonstrated by the
photoelectrochemical catalysis of glucose.
1. Introduction
The development of nanoscience and nanotechnology about
metals and semiconductors has drawn significant interest due to
their unique physical and chemical properties. Thesematerials are
not only important in understanding quantum confinement
phenomena but also promising for future applications in cata-
lysis, sensors, biomedicine, optical devices, etc.1 Nanoarchitec-
tured TiO2 has several important optical and electronic properties
that make it useful for various applications such as catalyst
support, sensors, photocatalyst, and photovoltaic devices.2 Parti-
cularly, small particles includingmetals and their oxides dispersed
on high-surface-area TiO2 have recently attracted much attention
because of their extraordinary and enhancedproperties, which are
attributable to surface effects, quantum-size effects, and metal-
support interactions.3 As a new type of bifunctional catalysts,
noble metal/TiO2 systems have been extensively studied for
(photo)catalytic reactions, sensing, and as photoelectrochemical
electrodes for water purification in recent years.4 Among these
materials family, Pt/TiO2 type is most attractive because it is a
classic example of catalysts in which the catalytic property of the
metal component is strongly modified by interaction with the
active oxide support.5 This nanocomposite not only retains the
catalytic activity of metal nanoparticles (NPs) but also possesses
the intrinsic photocatalytic capacity of TiO2. Moreover, the
deposited Pt NPs could generate a Schottky barrier at the inter-
face between Pt and TiO2, which would effectively capture the
photogenerated electrons, reduce the rate of electron-hole re-
combination, and improve quantum efficiency for photoelectro-
chemical systems.6
On the other hand, bimetallic Pt-based nanostructures are
widely used in catalysis and sensors because they often exhibit
better catalytic properties than their monometallic counterparts
with respect to catalytic property.7 As is known, Au is one of only
two transition metals more electronegative than Pt, and therefore
the incorporation of Au into Pt nanostructure may have unique
effects on catalytic property of Pt. For example, it has been
reported that the Au/Pt bimetallic NPs prepared through den-
drimer-based synthesis showed enhanced CO oxidation relative
to the pure Pt and Au NP systems.8 Our previous work has also
demonstrated that the urchinlike Au/Pt NPs exhibited higher
catalytic activities than that of Pt NPs with similar size.9 Recent
interests in Au/Pt bimetallic NPs have centered on their optical
properties, their potential as selective oxidation and dehydrogena-
tion catalysts, electrocatalysts, and selective sensors.10 Supported
*Corresponding author: Tel þ86-431-85262101; Fax þ86-431-85689711;
e-mail dongsj@ciac.jl.cn.
(1) (a) Gittins, D. I.; Bethell, D.; Schiffrin, D. J.; Nichols, R. J.Nature 2000, 408,
67. (b) Sun, S. H.; Yang, D. Q.; Villers, D.; Zhang, G. X.; Sacher, E.; Dodelet, J. P. Adv.
Mater. 2008, 20, 571. (c) Shu, X. H.; Chen, Y.; Yuan, H. Y.; Gao, S. F.; Xiao, D. Anal.
Chem. 2007, 79, 3695. (d) Guo, S. J.; Dong, S. J. TrAC, Trends Anal. Chem. 2009, 28,
96. (e) Guo, L. M.; Peng, Z. Q. Langmuir 2008, 24, 8971. (f) Alden, L. R.; Han, D. K.;
Matsumoto, F.; Abru~na, H. D.; DiSalvo, F. J. Chem. Mater. 2006, 18, 5591. (g) Cao, Y.
C.; Wang, J. J. Am. Chem. Soc. 2004, 126, 14336.
(2) (a) Scott, R. W. J.; Sivadinarayana, C.; Wilson, O. M.; Yan, Z.; Goodman,
D. W.; Crooks, R. M. J. Am. Chem. Soc. 2005, 127, 1380. (b) Bao, S. J.; Li, C. M.;
Zang, J. F.; Cui, X. Q.; Qiao, Y.; Guo, J.Adv. Funct. Mater. 2008, 18, 591. (c) Yang, J.;
Chen, C. C.; Ji, H. W.; Ma, W. H.; Zhao, J. C. J. Phys. Chem. B 2005, 109, 21900.
(d) Mor, G. K.; Kim, S.; Paulose, M.; Varghese, O. K.; Shankar, K.; Basham, J.; Grimes,
C. A. Nano Lett. 2009, 9, 4250. (e) Varghese, O. K.; Paulose, M.; LaTempa, T. J.;
Grimes, C. A. Nano Lett. 2009, 9, 731.
(3) Li, H. X.; Bian, Z. F.; Zhu, J.; Huo, Y. N.; Li, H.; Lu, Y. F. J. Am. Chem.
Soc. 2007, 129, 4538.
(4) (a) Wang, X. C.; Yu, J. C.; Yip, H. Y.; Wu, L.; Wong, P. K.; Lai, S. Y.
Chem.;Eur. J. 2005, 11, 2997. (b) Filanovsky, B.; Markovsky, B.; Bourenko, T.;
Perkas, N.; Persky, R.; Gedanken, A.; Aurbach, D. Adv. Funct. Mater. 2007, 17, 1487.
(c) Sun, L.; Li, J.; Wang, C. L.; Li, S. F.; Lai, Y. K.; Chen, H. B.; Lin, C. J. J. Hazard.
Mater. 2009, 171, 1045.
(5) (a) Lee, J. S.; Choi, W. Y. Environ. Sci. Technol. 2004, 38, 4026. (b) Formo, E.;
Lee, E.; Campbell, D.; Xia, Y. N. Nano Lett. 2008, 8, 2.
(6) Linsebigler, A. L.; Lu, G.; Yates, J. T. Chem. Rev. 1995, 95, 735.
(7) (a) Cui, H. F.; Ye, J. S.; Liu, X.; Zhang, W. D.; Sheu, F. S. Nanotechnology
2006, 17, 2334. (b) Qian, L.; Yang, X. J. Phys. Chem. B 2006, 110, 16672.
(8) Lang, H. F.; Maldonado, S.; Stevenson, K. J.; Chandler, B. D. J. Am. Chem.
Soc. 2004, 126, 12949.
(9) Guo, S. J.; Wang, L.; Dong, S. J.; Wang, E. K. J. Phys. Chem. C 2008, 112,
13510.
(10) (a) Zhou, S.; Mcllwrath, K.; Jackson, G.; Eichhorn, B. J. Am. Chem. Soc.
2006, 128, 1780. (b) Wang, S. Y.; Kristian, N.; Jiang, S. P.; Wang, X. Nanotechnology
2009, 20, 025605. (c) Kang, X. H.; Mai, Z. B.; Zou, X. Y.; Ca, P. X.; Mo, J. Y. Anal.
Biochem. 2007, 369, 71.
11402 DOI: 10.1021/la100869r Langmuir 2010, 26(13), 11401–11406
Article Wen et al.
bimetallicAu/PtNPs are of fundamental interest and importance.
However, to the best of our knowledge, in contrast to other
inorganic oxide carrier supported systems, bimetallic NPs deposi-
ted on TiO2 have been much less widely investigated.
Very recently, we have developed a simple strategy for surface
modification of nanoporous TiO2 spheres with NH2 group.
11
Small particles such as Pt NPs can be easily assembled on the
functionalized TiO2 (f-TiO2) for promising application in biosen-
sing. In the present work, we prepared a novel hybrid nanocata-
lyst through a simple and effective self-assembly method.
Citrated-stabilized hybrid Au/Pt NPs were assembled on the
positively charged f-TiO2 mainly via the electrostatic interaction.
Then a bifunctional nanocatalyst (noted as f-TiO2-Au/Pt NPs)
was easily prepared with enhanced electrocatalytic and photo-
electrocatalytic properties due to the excellent electrocatalytic
activities of Au/Pt NPs and photocatalytic activities of f-TiO2.
The resulting material was characterized in size, structure, ele-
mental composition, and electrochemical properties. It is found
that the f-TiO2-Au/Pt NPs exhibited enhanced electrocatalytic
and photoelectrocatalytic properties, where hydrogen peroxide
(H2O2) and glucose were selected as model molecules, respec-
tively.
2. Experimental Section
2.1. Reagents and Materials. Sodium citrate, H2PtCl6 3
6H2O, HAuCl4 3 4H2O, ammonium hydroxide, and ethanol were
purchased from the Shanghai Chemical Factory and used as
receivedwithout further purification. 3-Aminopropyltrimethoxy-
silane (APTMS) and NaBH4 were obtained from Acros. 30%
H2O2 and glucose were purchased from Beijing Chemical Re-
agent, and a fresh solution of H2O2 was prepared daily. Other
chemicals were of analytical grade, and doubly distilled water
was used throughout. A 0.1 M phosphate buffer solution (PBS)
(pH 7.4) consisting of KH2PO4 and Na2HPO4 was employed as
the supporting electrolyte in the electrochemical experiments.
2.2. Preparation and Modification. (a) The f-TiO2 and
Au/Pt NPs were synthesized according to our previous work with
lightmodification.9,11Thedetailedprocess is shown in theSupport-
ing Information. The Au/Pt NPs were simply assembled on
f-TiO2 in a 5 mL vial by adding excess Au/Pt NPs colloid to
0.5 mL of surface-modified TiO2 nanospheres. The mixture was
sonicated for 30 min and then kept overnight at room tempera-
ture. The above solution was centrifuged and washed with water
three times. Finally, the purified f-TiO2-Au/Pt NPs was dis-
persed in 2 mL of water, which formed a gray, stable, and
homogeneous suspension. (b) Glassy carbon (GC, 2.6 mm in
diameter) electrode was polished with 1.0 and 0.3 μm alumina
slurry sequentially and then washed ultrasonically in water and
ethanol for a fewminutes, respectively. The cleanedGC electrode
was dried with a high-purity nitrogen steam for the next modi-
fication. 5 μL of the as-prepared f-TiO2-Au/Pt NPs or f-TiO2
suspension was deposited on the GC electrode (noted as
f-TiO2-Au/Pt NPs/GC or f-TiO2/GC electrode). It was then left
to dry at room temperature. (c) A clean highly conductive ITO
electrode which had been coated with an f-TiO2-Au/Pt NPs or
f-TiO2 filmwasprepared froma solutionof f-TiO2-Au/PtNPsor
f-TiO2 (5 mg/mL) by spin-coating, followed by drying at room
temperature.
2.3. Apparatus andMeasurements. (a) A scanning electron
microscope (SEM) (Philips XL-30) equipped with the energy-
dispersive X-ray (EDX) spectroscopy was carried out. Transmis-
sion electron microscopy (TEM) measurements were made on a
Hitachi H-8100 EM and TECNAI G2 with an accelerating
voltage of 200 kV. X-ray photoelectron spectroscopy (XPS) was
performed on an ESCALAB-MKII spectrometer (VG Co.) with
Al KR X-ray radiation as the X-ray source for excitation.
Electrochemical impedance spectroscopy (EIS) measurements
were carried out with an Autolab/PGSTAT 30 (Eco Chemie
B. V. Utrecht, The Netherlands) in an earthed Faraday cage. In
the presence of 5.0 mM Fe(CN)6
3-/4- as a redox probe, the EIS
measurementswere performed at a basis potential of 0.27V under
an oscillation potential of 5 mV over the frequency range of
100 kHz to 1 Hz. All other electrochemical measurements were
carried out at a CHI 832 electrochemical workstation (Chenghua
Co., Shanghai). The modified GC electrode was used as the
working electrode. Platinum foil and Ag/AgCl (saturated KCl)
were used as the counter electrode and the reference electrode,
respectively. Magnetic stirring was kept on mildly throughout
amperometric measurements. (b) Photocurrents were also mea-
sured using a CHI 832 in a standard three-electrode configura-
tion, with the f-TiO2-Au/Pt NPs or f-TiO2-modified ITO
electrode as a photoanode. A 270 mW UV lamp with central
wavelength of 365 nm is used as light source. The photoelectro-
catalytic reactor is shown in Figure S2.
3. Results and Discussion
3.1. Preparation and Characterization of the f-TiO2-
Au/Pt NPs. The assembly of oppositely charged interesting
species has beenwidely used in fabricatingmultifunctional hybrid
nanomaterials.12 Here, Au/Pt NPs were anchored to the surface
f-TiO2 by a simple electrostatic adsorption procedure. The f-TiO2
in aqueous solution has a positive ξ-potential as a result of the
hydroxylation of APTMS. The positive charges ensured the
efficient adsorption of oppositely charged small NPs onto the
f-TiO2 by means of electrostatic interactions. On the other hand,
the hybrid Au/Pt NPs are negatively charged protected with
citrate;13 the ξ-potential is determined to be -21.3 mV. Thus,
the electrostatic attractive interactions between the negative
charged Au/Pt NPs and the positive charged f-TiO2 are strong
enough to drive the formation of the f-TiO2-Au/Pt NPs hybrid
nanocatalyst, as shown in Figure S1 (Supporting Information).
Several experimental techniques can be employed to monitor the
formation and characteristics of the f-TiO2-Au/Pt NPs.
Parts A and B of Figure 1 show the SEM images of the
f-TiO2-Au/PtNPs and f-TiO2, respectively. FromFigure 1B, it is
observed the f-TiO2 possesses uniform size and morphology. The
surface is not smooth with high roughness (inset of Figure 1B).
The Au/Pt NPs have∼3 nm Au cores with Pt “tentrils” attached
to the Au surface.9 The f-TiO2-Au/Pt NPs shows a very similar
morphology, except that the depositedAu/PtNPsappear aswhite
dots (Figure 1A). TEM was employed to further reveal the
detailed structure of the f-TiO2-Au/Pt NPs. It can be seen from
Figure 1E that the rough surface feature and presence of nano-
channels in the f-TiO2 nanospheres offer a good opportunity for
small NPs to load on, resulting in hybrid nanostructures. Ad-
ditionally, the rougher surface of the nanoarchitecture introduced
by 6-7 nmAu/Pt NPs possessing large surface area, as shown in
Figure 1C and D, would be promising for higher electrocatalytic
and photoelectrocatalytic activity.
EDX spectroscopy (Figure 2A) indicates that the above hybrid
nanostructure is composed of the elements of Ti, O, Au, and Pt,
which should be ascribed to TiO2 nanospheres and the supported
Au/Pt NPs. To further confirm the surface chemical composition
and the valence state of Au and Pt in the resulting sample, anXPS
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experiment was used for the surface analysis of the f-TiO2-Au/Pt
NPs. As shown in Figure 2B, the binding energies of doublet for
4f1/2 and 4f5/2 of Au
0 are 83.4 and 87.1 eV, respectively. Similarly,
the signals of Pt0 at 70.4 and 73.8 eVare observed fromFigure 2C.
Thus, we can confirm that the Au/Pt NPs were successfully
assembled on the f-TiO2.
The ferricyanide redox system is a convenient and valuable
probe to evaluate the electrochemical properties of the f-TiO2-
Au/PtNPs surface. Figure 3Adisplays the cyclic voltammograms
(CVs) of the bare glassy carbon, f-TiO2, and f-TiO2-Au/Pt NPs
modified electrodes (noted asGC, f-TiO2/GC, and f-TiO2-Au/Pt
NPs/GC electrode) recorded in 5mM ferricyanide (in 0.1MKCl)
at a scan rate of 50 mV/s. Well-defined redox peaks of Fe3þ/Fe2þ
couple appear at three kind of electrodes with modified surfaces.
For the f-TiO2/GC electrode, the peak separation (ΔEp) is 85mV,
which is larger than that obtained at GC electrode (78 mV),
indicating a quasi-reversible redox process. An observable ΔEp
estimated as 74 mV is obtained at the f-TiO2-Au/Pt NPs/GC
electrode, which could be ascribed to the increased electron
transfer ability introduced by Au/Pt NPs. This result is further
confirmed by EIS. The charge transfer resistance (Rct) of the
Fe(CN)6
3-/4- redox couple in 0.1 M KCl is ∼182 Ω at the bare
GC electrode (Figure 3B). However, it increases to∼633Ω at the
f-TiO2 modified electrode. The increase in Rct at the f-TiO2
surface could be mainly because TiO2 is semiconductor which
inhibits the electron transfer of Fe(CN)6
3-/4-. For the f-TiO2-
Au/Pt NPs/GC electrode, the Rct is estimated as∼60Ω, which is
the smallest value of the three electrodes, indicating the high
electron conduction pathways between the electrode and electro-
lyte. These results indicate the introduction of Au/Pt hybrid NPs
Figure 1. SEM images of the f-TiO2-Au/Pt NPs (A) and f-TiO2 (B). TEM images of the f-TiO2-Au/Pt NPs (C, D) and f-TiO2 (E).
Figure 2. EDX image (A) and XPS pattern (B, C) of Au/Pt NPs supported on f-TiO2: Au 4f orbital (B) and Pt 4f orbital (C).
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could dramatically improve the electron transfer ability of the
hybrid nanostructure.
The as-prepared f-TiO2-Au/Pt NPs hybrid nanocatalyst pro-
cesses three main important benefits. First, Au/Pt NPs could
reduce the cost of expensive Pt in some degree and maintain its
high catalytic activity. Second, the f-TiO2 possesses a pore-size
distribution and a large surface area,which results in the increased
surface reactivity and improved mass transport; besides, the
functionalization of TiO2 provides a versatile support for small
NPs (e.g., Au/Pt NPs). Third, which is the most important, a
combining of the two components retains the excellent catalytic
properties of both Au/Pt NPs and f-TiO2 and therefore produces
a bifunctional nanocatalyst with enhanced performances in
electrochemical and photoelectrochemical applications. To de-
monstrate the potential application in catalysis of the f-TiO2-Au/
Pt NPs, the advantages of the above nanocatalyst were illustrated
in connectionwith the electrochemical detection ofH2O2 and also
in photoelectrocatalysis of glucose.
3.2. A Sensitive H2O2 Sensor.As a product of industry and
atomic power stations, H2O2 is recognized as a chemical threat to
the environment. It is also cytotoxic to cellular life and is an
indicator of oxidative stress and a product of several biological
enzyme-catalyzed reactions. This has motivated the development
of stable H2O2 sensors with high sensitivity and low detection
limit for utilization in the food industry, environmental protec-
tion, and medical diagnostics.14 In electrochemical biosensors,
amperometric detection of H2O2 provides signal transduction to
indirectly recognize biomolecules suchas glucose, cholesterol, and
acetylcholine at the oxidase enzymemodified electrodes. Analysts
in this field are always enthusiastic in finding new materials with
good catalytic activities for improving the behavior of sensing
performance. Typical examples include Pt-based nanomaterials,
which have been widely used in electrochemical detectors due to
its excellent catalytic activity for H2O2.
15
In this section, we studied the electrocatalytic behavior of the
f-TiO2-Au/Pt NPs nanocatalyst on a GC electrode toward the
reduction of H2O2 and sequentially fabricated a sensitive electro-
chemical sensor. As shown by the CVs in Figure 4A, the
electrochemical reduction of H2O2 at the f-TiO2-Au/Pt NPs
modified GC electrode starts at around 0.4 V. At ∼0.02 V, a
maximum reduction current of ∼100 μA is observed. The results
demonstrate the reduction of H2O2 on the f-TiO2-Au/Pt NPs
shows a low overpotential and high catalytic current, whereas
there is no reduction behavior observed on electrode modified
with the f-TiO2 in the potential window from-0.2 to 0.8 V (inset
of Figure 4A). The enormous enhancement of catalytic activity of
the f-TiO2-Au/PtNPs towardH2O2 is likely attributed to the two
facts: (1) prominent catalytic effect of Au/Pt NPs; (2) the
introduction of Au/Pt NPs to the hybrid nanostructure enhances
the conductivity of the f-TiO2, resulting in themass transport and
electron transfer more easily. Figure 4B displays the CVs of the
f-TiO2-Au/Pt NPs/GC electrode in the presence of H2O2 with
different concentrations. The H2O2 reduction currents gradually
increase with the concentrations increasing. Furthermore, the
electrochemical behavior of the hybrid nanocatalyst towardH2O2
was also studied with the change of scan rate. As shown in
Figure 4C, in the presence of 5 mM H2O2, the cathodic peak
currents increase with the scan rate increasing from 0.01 to 0.1 V/
s. The peak currents increase linearly with the square root of the
scan rate (inset of Figure 4C), indicating a diffusion-controlled
process.
Figure 5A shows the i-t curves recorded at the f-TiO2-Au/Pt
NPs/GC electrode polarized at 0 V in a 0.1 M stirring phosphate
buffer solution (PBS, pH 7.4), to which is added a H2O2 stock
solution. The potential 0 V was chosen according to the results
fromFigure 4, and thus the risks of the electroactive interferences
could be avoided. For comparison, the current signal of H2O2 on
f-TiO2/GC electrode (red line) under the same condition is dis-
played in Figure 5A. The f-TiO2/GC electrode yields an unde-
tectable current response toH2O2 even its concentration is as high
as 0.3 mM. For the f-TiO2-Au/Pt NPs modified electrode, the
amperometric response to the addition ofH2O2 is very fast (∼3 s).
The dynamic curve (Figure 5B) reveals a sensitivity of 470 μA
mM-1 cm-2 with a detection limit of 75 nM (S/N = 3). The
detection limit ismuch lower than those ofmany previous reports,
such asH2O2 biosensor based on cytochrome c/TiO2 nanoneedles
system16 and electrochemical sensor based on Pt nanostructures
decorated on other supports.17 In addition, the influence of
common electroactive interferents such as ascorbic acid (0.1mM)
and uric acid (0.1mM) on theH2O2 response isminimized, which
is not only due to the low working potential but also due to the
high sensitivity of the f-TiO2-Au/Pt NPs-based sensor.
3.3. Photoelectrocatalytic Oxidation of Glucose. TiO2 is
found to be an efficient photocatalyst due to its unique properties
such asphotostable, nontoxic, low cost, and readily available. The
Figure 3. (A)CVs obtained at bareGC (black line), f-TiO2 (red line), and the f-TiO2-Au/PtNPs (blue line)modifiedGCelectrodes in 0.1M
KCl solution containing 5 mM [Fe(CN)6]
3-/4-. The scan rate is 50 mV/s. (B) Nyquist plot of [Fe(CN)6]
3-/4- obtained at the bare GC (9),
f-TiO2 (b), and f-TiO2-Au/Pt NPs surfaces (2).
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deposition of noble metals on TiO2 nanostructures could effi-
ciently improve the activity of TiO2 because the noble metals
especially small NPs, acting as a sink for photoinduced electrons,
probably promote the interfacial charge transferring processes in
the composite systems and enhance the quantum efficiency of
photocatalytic system effectively.18 The photoelectrocatalysis
method, which applied a bias potential in the photocatalytic
process, would withdraw the excited electrons to a counter
electrode before they recombine with the holes.19 Thus, the
photoelectrocatalysis-based method can be used to determine
chemical oxygen demand (COD), a main index to assess the
organic pollution in aqueous systems.20 Here, in order to test the
photocatalytic activity of the f-TiO2 decorated with Au/Pt NPs,
glucose was employed as the model compound via the photoelec-
trochemical method.
The photoelectrocurrent as a function of applied potential of
the f-TiO2-Au/Pt NPs modified indium tin oxides (ITO) elec-
trode, in 0.1MNa2SO4 solution containing 3 mMglucose, under
UV irradiation is presented in Figure 6A. In the low potential
range, the photocurrents aroused by the oxidation of glucose
increase with the potential bias increasing, which gradually reach
saturation at higher potential (>þ0.3 V). It has been reported
that glucose could be directly electro-oxidazed on the noble metal
nanostructures when the applied potential is positive enough.21
Therefore, we employed cyclic voltammetry to investigate the
electrooxidation of glucose at both the f-TiO2 and f-TiO2-Au/Pt
NPs modified electrodes. From Figure 6B, the f-TiO2-Au/Pt
NPs shows a quite weak catalytic current which starts at þ0.3 V
and reaches a maximum at þ0.57 V in the presence of 10 mM
glucose. Meanwhile, there is no electrocatalytic oxidation occur-
ring even at high potential (þ0.8 V) at the f-TiO2 modified
electrode. Thus, a potential bias of þ0.4 V was subsequently
adopted for the following photoelectrochemical experiments in
order to perform a vast test considering the optimum perfor-
mance of photocatalyst and the influence of the electrochemical
catalysis.
To study the photoinduced charges separation efficiency of the
as-prepared f-TiO2-Au/Pt NPs, the photocurrent response ex-
periments have been carried out under UV pulse irradiation, and
the results are shown in Figure 7. The photocurrent response to
illumination is prompt in both cases, but the magnitude of
photocurrent varies depending upon the deposition of Au/Pt
NPs or not. Specifically speaking, a stable photocurrent response
of the f-TiO2-Au/Pt NPs modified electrode toward 3 mM
glucose (0.72 ( 0.02 μA) is observed. In a controlled experiment
(ITO modified electrode only with f-TiO2), the photocurrent is
much smaller (0.18( 0.03 μA) comparedwith electrode modified
with f-TiO2-Au/Pt NPs nanostructure. That is, loading Au/Pt
NPs via a self-assembly method leads to an increase in the
photoelectrocatalytic activity by a factor of 4. Higher photocur-
rent means that photoinduced electrons have transferred more
effectively from the f-TiO2-Au/Pt NPs/ITO to counter electrode
via external circuit. As is know, the photocatalytic activity of the
TiO2 greatly depends on the efficiency of electron-hole pair
excitation, transfer, and charge pairs separation.22 Here, the
excellent photoelectrocatalytic properties of the f-TiO2-Au/Pt
NPs could probably be attributed to the interconnected frame-
work structure, which enhances glucose diffusion and provides
great accessibility of the active surface sites for the photoelec-
trochemical process. What is more important, the deposited Au/
Pt NPs contact and interact with the anatase TiO2 nanocrystals,
forming semiconductor/metal nanoheterojunctions, which could
provide a more efficient charge separation of the hybrid nano-
catalyst and thus play an important role of electron transfer rapidly.
Figure 4. (A) CVs of the f-TiO2-Au/Pt NPs modified GC elec-
trode in the absence (blank line) and presence (red line) of 5 mM
H2O2 in 0.1MPBS (pH7.4). The inset is the CVs of the f-TiO2/GC
electrode in the absence (blank line) and presence (red line) of
5 mMH2O2. The scan rate is 50 mV/s. (B) CVs of H2O2 reduction
at the f-TiO2-Au/Pt NPs modified GC electrode in 0.1 M PBS in
the presence of H2O2 with different concentrations (from top to
bottom: 0, 2.5, 5, 7.5, and 10 mM). The scan rate is 50 mV/s. (C)
CVs of H2O2 reduction at the f-TiO2-Au/Pt NPs modified GC
electrode in 0.1 M PBS containing 5 mM H2O2 at different scan
rates (fromtop tobottom: 10, 30, 50, 70, and100mV/s). The inset is
the relationshipbetween thepeakcurrent (ip) and the scan rate (V/s).
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4. Conclusion
In this work, we have prepared an Au-Pt/TiO2 hybrid nano-
structure where the Au/Pt hybrid NPs with urchinlike morpho-
logy deposited on the f-TiO2 through self-assembly method. The
comparative studies on the electrochemical as well as photo-
electrochemical behaviors of the newly developed electrode
surfaces modified with f-TiO2 and f-TiO2-Au/Pt NPs were
carried out to demonstrate the important role of Au/Pt NPs
decorated on TiO2 support. In electrochemical experiment, the
f-TiO2-Au/Pt NPs as an excellent enhancing material shows
superior catalytic reduction of H2O2 and further constructs a
sensitive sensor, which would illustrate the good potential for
the fabrication of oxidase-based biosensor. In the photo-
electrochemical measurement, the Au/Pt NPs promote the
separation of charge carriers on UV-excited TiO2, thus
improving the photoelectrocatalytic activities of the f-TiO2-
Au/Pt NPs toward glucose oxidation, indicating this novel
bimetallic/TiO2 bifunctional nanocatalyst could be potentially
useful for some important applications in COD sensors and
environmental purification.
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Figure 5. (A) Typical amperometric current response of the f-TiO2-Au/PtNPs (black line) and the f-TiO2 (red line) modifiedGCelectrodes
on successive injection of H2O2 into stirring N2-saturated PBS (pH 7.4) at an applied potential of 0 V. (B) Calibration curve for H2O2
concentration from 0.5 μM to 0.26 mM.
Figure 6. (A) Photocurrent as a function of applied potential in 0.1 MNa2SO4 solution for the f-TiO2-Au/Pt NPs modified ITO electrode
underUV light irradiation. (B) CVs of the f-TiO2-Au/PtNPsmodifiedGC electrode in the absence (blank line) and presence (red line) of 10
mMglucose in0.1MPBS (pH7.4).The inset is theCVsof the f-TiO2/GCelectrode in the absence (blank line) andpresence (red line) of 10mM
glucose. The scan rate is 50 mV/s.
Figure 7. Photocurrent response of the f-TiO2-Au/PtNPs (black
line) and the f-TiO2 (red line) modified ITO electrodes toward
glucose, at 0.4 V (vs Ag/AgCl) under UV light irradiation in 0.1M
Na2SO4 solution.
